Background
Introduction
The introduction of highly active anti-retroviral therapy (HAART) among patients formerly naïve to treatment leads to the suppression of HIV replication in most cases. [1] However, a variable proportion of subjects, ranging from 6 to 20%, commonly referred to as "immunological non responders" (INR), fail to achieve a significant immune recovery, as measured by peripheral CD4 cell count, despite virological response to HAART. [2] [3] [4] [5] [6] [7] These patients have been demonstrated to run a greater risk of AIDS progression [6] [7] [8] [9] and death, particularly when CD4+ T-cell count is <200/μl. [4, 10, 11] A recent study has also demonstrated that patients unable to restore their CD4+ T-cell count to >200 cells/μl run a higher risk of death not only due to AIDS-defining diseases, but also due to non AIDS-defining causes. [12] In a previous study, more non AIDS-defining events (nADE) were observed among patients with a CD4+ T-cell count <200/μl after 2 years of effective HAART than among those with higher CD4+ counts. [5] However, the association was not confirmed in a model adjusted for age, gender and other confounders, probably because patients were included irrespectively of pre-HAART CD4+ T-cell counts, so that those whose CD4+ counts were >200 cells/μl were more likely to obtain a CD4+ above this threshold. Lastly, in a cohort of 3378 patients with various baseline CD4+ T-cell count, lack of immunological recovery (defined as CD4+ count <120% of baseline level) was an independent predictor of clinical progression even in the subgroup of patients with baseline CD4 <200/μl, when a composite measure was considered (AIDS, serious nADE, and all-cause death), but not for serious nADE or death. [13] This study was not focused on patients with advanced stage of infection at baseline, whose risk of AIDS is greater during the first months of HAART [14] . Moreover, percentage increase in CD4+ T-cell count may not be the best marker of immune-reconstitution in patients with low absolute CD4 + T-cell count and its clinical transferability may not be optimal for the sake of clinicians who may prefer CD4+ T-cell count increase above a cut-off. Whether patients who fail to increase their CD4+ T-cell count from below to more than 200 cells/μl are at increased risk of severe nADE is, therefore, still unclear and merits further investigation.
The aim of the present study was to assess whether immune-recovery during virological successful HAART among late-presenters (i.e., patients with pre-HAART CD4+ count <200 cells/μl) is associated with the risk of severe non-AIDS related morbidity and mortality, independently of possible confounders.
Materials and Methods

Patient population
Patients were included from the observational Italian MASTER Database Cohort. [15, 16] In brief, it is an ongoing prospective multicentre cohort that includes all patients in care for HIV infection in selected major Italian clinical centres. Data are collected using a common electronic database (HealthNotes or NetCare, Healthware Technology SpA, Salerno, Italy), which is used to manage the everyday activity of the outpatient HIV clinic in each centre. The MASTER cohort is therefore a dynamic database, as new patients presenting to clinical centres are continuously enrolled and patient drop-out rates reflect the real clinical practice. Patients are routinely seen every 3-4 months and demographic, laboratory, clinical and treatment information are collected during each visit. Data from centres are centralized, merged and checked for consistency on a 6-month basis. The database used for the present analysis was frozen in November 2011 and includes data from 8 clinical centres (Bari, Brescia, Bergamo, Cremona, Ferrara, Florence, Monza and Rome).
HIV-1 infected patients who had initiated their first HAART regimen (i.e., including 3 antiretroviral drugs) while naïve to antiretroviral therapy between January 1 st 1996 and December 31 st 2009 were selected from the Italian MASTER Cohort. Other inclusion criteria were: (1) CD4+ T-cell count <200 cells/μl before HAART initiation; (2) Two consecutive HIV plasma viral load <50 copies/ml within the first year (±3 months) of treatment; (3) Age 18 years. Patients with HIV-2 infection and those with HIV plasma viral load <50 copies/ml before HAART initiation were excluded from the study.
Outcome measures
The outcome of interest was the occurrence of newly diagnosed serious nADE. Serious nADE included the following: (i) any non AIDS-defining malignancy; (ii) cardiovascular events (acute myocardial infarction, coronary disease requiring invasive procedures, stroke); (iii) severe non-AIDS defining infections (i.e. infections that are potentially life-threatening or require intravenous antibiotic, such as sepsis, episodic pneumonia, endocarditis, meningitis, bacterial arthritis/osteomyelitis, pyelonephritis, cholangitis/cholecystitis, severe skin and soft tissue infections); (iv) hepatic events (hepatocellular carcinoma, decompensated cirrhosis, i.e. variceal bleeding, porto-systemic encephalopathy, refractory ascites, hepatorenal syndrome, portal thrombosis); (v) acute kidney injury (defined as confirmed estimated glomerular filtrate rate [eGFR] <30 ml/min using Modification of Diet in Renal Disease (MDRD) formula [17] , or kidney failure requiring dialysis or renal transplantation).
A composite end-point, including nADE, AIDS-defining events [18] and death for any cause, was used as secondary outcome measure.
Serious nADE were considered only if no event of that specific category (e.g., cardiovascular events) had occurred before the study baseline, in a time window covering 1 year before and 1 year after HAART initiation. In addition, episodic pneumonia did not concur to define a newly diagnosed nADE among patients with a previous diagnosis of recurrent bacterial pneumonia. Similarly, an AIDS-defining event was considered only if the patient had not experienced that particular AIDS-related opportunistic infection or neoplasm before.
Statistical analysis
Uni-and multivariable logistic regression models were conducted to identify variables associated with immunologic non response at 1 year after the initiation of HAART. Predictors of non AIDS-related severe event occurring after year 1 were assessed using Kaplan-Meier estimates and adjusted Cox proportional hazard regression analysis. Follow-up accrued from the first viral load (VL) <50 copies/ml measured after 9-15 months of treatment and was right censored in case of VL >50 copies/ml or missing for 180 days, HAART discontinuation, loss to follow-up or (in the analysis of nADE) death. Patients were categorized as INR or immunological responders if their CD4+ T-cell count was <200 or 200 cells/μl after 1 year (range 9-15 months) of HAART, respectively.
The following covariates were tested: immunological response at year 1 (INR versus immunological responders), age, gender, risk factor for HIV acquisition, previous nADE, previous AIDS-defining event (graded according to its severity in two categories-mild and moderate/ severe-as previously described [19] ), hepatitis B and C co-infection (defined by serum-reactivity for hepatitis B surface antigen and hepatitis C virus antibody [HCV-Ab], respectively), pre-HAART CD4+ T-cell count, CD4+ count change at year 1 (percentage change), type of HAART and occurrence of AIDS-defining event during the follow-up. Two multivariable models were performed: in the first one, all variables were adjusted for age and gender. In the second model, estimates were adjusted for all the variables significantly associated with the outcome in the first model plus age, gender and CD4+ T-cell count percentage change (considered to be clinically significant). When more than one event had occurred in a single patient, the time to the event was defined as the time between baseline and the first occurrence of any of the events considered.
The same models and covariates (with the exception of the occurrence of AIDS-defining events during the follow-up) were used in the secondary analysis exploring predictors of the composite outcome (serious nADE, AIDS-defining event or death).
All statistical analyses were performed using SAS 9.2 statistical software (SAS Institute Inc., Cary, NC, USA, 2008). All P-value presented are two sided and a P-value <0.05 indicated conventional statistical significance.
Ethics Statement
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Results
Patient characteristics
Among 1869 patients initiating HAART with a CD4+ T-cell count <200 cells/μl in the MAS-TER Cohort, 164 patients were not included because followed for <12 months, 477 because did not have two consecutive HIV plasma viral load <50 copies/ml within the first year of treatment and 7 because lacked of CD4+ T-cell count determination at month 12. The remaining 1221 patients were included and studied over a median of 3 years (Inter-quartile range [IQR] 1.3-6.1), accounting for a total of 4,708 person-years of follow-up (PYFU). The median age at treatment initiation was 41.2 years; the youngest patient was 18 and the oldest 75 years old. Median CD4+ T-cell count at the time of HAART initiation was 77 (IQR 28-142) cells/μl and 56% of the patients had already experienced one or more AIDS-defining illnesses before study baseline.
After 1 year of treatment, median CD4+ counts had increased to 286 (IQR 197-387) cells/ μl, but 319 patients (26%) had a CD4+ count below 200 cells/μl and were, therefore, classified as INR.
Characteristics of the patients, overall and stratified by immunological response after 1 year of treatment, are shown in Table 1 .
During the subsequent follow-up, 272 (85.3%) INR had at least one determination of CD4 + T-cell count 200 cells/μl, whilst 47 (14.7%) remained below this threshold throughout the follow-up.
Predictors of immunological non-response
Applying a logistic regression model adjusted for age and gender, the following factors were associated with a higher risk of INR after 1 year of treatment: older age (per year increase, OR In multivariable logistic regression models, older age (per year increase, adjusted OR [aOR] 1.04, 95%CI 1.02-1.06), IVDU route of infection (versus heterosexual route, aOR 2.45, 95%CI 1.68-3.58) and pre-HAART CD4+ T-cell count (per 10 cells/μl increase, aOR 0.84, 95%CI 0.82-0.87) were significantly associated with INR after 1 year of treatment, after adjustment for each other and for gender, history of previous AIDS-defining events, calendar year at treatment initiation and type of HAART initiated. The association between hepatitis C seroreactivity and a higher risk of INR was confirmed in a separate multivariable logistic regression model not including risk factor for HIV acquisition (aOR 2.74, 95%CI 1.87-4.01).
Events description
Overall 1620 clinical events were observed since 1 year before HAART initiation: 983 before HAART (901 AIDS-defining and 86 serious nADE), 399 during the first year of treatment (317 AIDS-defining and 82 serious nADE) and 238 during the subsequent follow-up (112 AIDS-defining, 111 serious nADE and 15 deaths). Full description of all observed events is included in S1 Table. For the sake of the present analysis, only the first event occurring after year 1 was retained. Therefore, 86 serious nADE were considered, accounting for an incidence of 1.83 (95%CI 1.73-2.61) events per 100 PYFU. Of them, 26 (30.2%) were non AIDS-defining malignancies, 15 (17.4%) cardiovascular events, 24 (27.9%) severe infections, 15 (17.4%) renal and 6 (7%) hepatic events.
During the same follow-up, excluding the events that occurred after a serious nADE, 71 AIDS-defining events and 6 deaths were observed. A detailed description of the events observed during the study time-window and their frequency among immunological responders and INR is shown in Table 2 .
Predictors of serious non-AIDS related events Table 3 . An independent association between INR and risk of nADE events was confirmed after stratification for pre-HAART CD4+ T-cell count (adjusted HR 2.39, 95%CI 1.44-3.86 and HR 1.84, 95%CI 1.03-3.29 for patients with < and 77 cells/mm 3 before HAART, the median baseline CD4+ count). In order to explore whether the increased risk of nADE among INR could have been influenced by a higher rate of AIDS events in this subgroup of patients, all models were re-run after excluding those patients in whom an AIDS-defining event had occurred before a serious nADE. In these analyses, INR remained significantly associated with higher risk of severe 
Predictors of death, AIDS-defining and serious non AIDS-defining events
Similar results were obtained when the composite end-point of death, AIDS-defining and serious nADE was used as outcome measure. Using multivariable Cox regression analysis, the following variables were associated with increased risk of clinical progression: INR at year 1, having experienced a previous AIDS-defining event, HCV-Ab positivity. Conversely, higher CD4+ change at year 1, compared with baseline, resulted to be borderline protective. Results of this analysis are shown in Table 4 . 
Discussion
Notwithstanding efforts to promote early HIV testing, 20 to 40% of patients entering in care for HIV in Western Countries present with advanced HIV disease, i.e. with a CD4+ count below 200 cells/μL. [20] [21] [22] [23] [24] Failure to restore CD4+ count above this threshold, despite virological effective HAART, is a relatively common finding, which has been associated with increased risk of AIDS progression and death. [4, 5, 9, 12] Whether a lack of short-term CD4+ increase, despite suppression of HIV replication, is also associated with a greater risk of non AIDS-related morbidities is still unclear. In our cohort, failure to increase CD4+ T-cell count from below to more than 200 cells/μl after 1 year of effective HAART increased the subsequent risk of severe non AIDS-related event by 65%. These results are in agreement with a recent study that demonstrated that patients unable to restore their CD4+ count to >200 cells/μl after 3 years of viral suppression run a higher risk of death due to non AIDS-defining causes (particularly non AIDS-defining cancer Risk of Severe Non-AIDS Events among Immunological Non-Responders and liver-related). This study, however, could not explore the possible association between INR and non-fatal events. [12] A previous study had suggested an association between nADE and CD4+ T-cell count <200/μl measured after 2 years of HAART, but could not demonstrate that this association was independent from age, gender and other possible confounders. Moreover, the study included only a minority of patients whose pre-HAART CD4+ count was <200 cells/ μl. [5] The large number of patients enrolled in our study and the long follow-up provided the opportunity to specifically evaluate the risk of nADE in patients who had initiated HAART at CD4+ T-cell count <200/μl and to demonstrate that it was associated with incomplete CD4 + recovery, despite virological suppression. Moreover, thank to the relatively high number of events observed, it was possible to run a reliable multivariable model and to demonstrate that the association was independent from measurable confounders. Our findings underlines the need for innovative treatment strategies aimed at improving CD4+ recovery among patients presenting to care with very low CD4+ counts and with sub-optimal immune-recovery after HAART.
When change of CD4+ T-cell count at year 1 compared to pre-HAART levels, instead of the absolute CD4+ count at the same time-point, was used as a covariate, only a marginal, non-statistically significant association with serious nADE was found. Similarly, pre-HAART CD4 + counts were not associated with risk of serious nADE to a statistically significant extent. Previous studies suggested that absolute CD4+ cell count measurement at certain time points after HAART initiation is a more solid prognostic indicator of AIDS clinical progression than CD4 + change from baseline. [25] Our results suggest that this could also be the case for prediction of severe, non AIDS-defining morbidities. Taken together, these findings indicate that clinically important immunological response is likely to be better defined in terms of absolute post-HAART CD4+ cell counts, rather than change from baseline in patients with an advanced immune-depletion.
Interestingly enough, patients developing a new AIDS defining event were shown to have a 2-fold increased risk to be diagnosed with a severe nADE subsequently. Therefore, the increased risk of nADE observed in INR patients could be partially (but not completely) due to their greater risk of developing new AIDS events. It has to be ascertained whether a condition of pre-existing immune dysfunction, immune activation or persistent inflammation [26] [27] [28] [29] predispose to both events or the occurrence of AIDS is in the causal pathway leading to nADE. In either case, our results suggest the importance of monitoring patients with AIDS on HAART for the risk of subsequent nADE events, persisting for more than 5 years notwithstanding suppression of HIV RNA induced by HAART. At the same time, although in our patients morbidity and mortality due to severe non AIDS-related events exceeded that due to AIDS-related causes (confirming and further extending previous observations among HIV-infected subjects with relatively preserved CD4+ cell counts [30] [31] [32] ), prevention of AIDS and earlier HAART remain a priority.
In our cohort, positive HCV-Ab testing was associated with a greater risk of INR. Whether this effect is directly attributable to hepatitis C virus co-infection or to other associated conditions is still debated. A previous study suggested that HCV-Ab positive patients are more likely to have an incomplete CD4+ restoration [33] , whereas others suggested that previous intravenous drug use, but not HCV co-infection, is associated with suboptimal CD4 response to HAART. [3, 11] Similarly, results on the effect of ongoing hepatitis C virus replication on CD4 + T-cell recovery are conflicting. [34, 35] Either way, our study showed that patients with positive HCV-Ab had an almost doubled risk of serious nADE. This finding is not surprising, because hepatitis C virus infection is associated not only with an increased risk of liver-related events, but also with a greater risk of cardiovascular and renal events [36, 37] , and support the indication for early treatment of HCV infection among patient with low CD4 T-cell counts, which is now more feasible thanks to the availability of highly-effective, all-oral, short-course regimens. [38] Our study has some limitations that merit to be acknowledged. First, the definition of nADE included a number of different comorbid diseases, which are heterogeneous in terms of pathogenesis. The use of this composite end-point, nonetheless, is widely accepted in the literature. [5, 13, 39] Unfortunately, our study was not designed nor powered enough to study single items of the composite endpoint, so we can not exclude that the association we found could have been driven by some of its components. Second, we defined INR basing on CD4+ T-cell count after 1 year of effective HAART. This definition may differ from previously adopted definitions and 1 year could be an insufficient time to observe complete CD4+ count restoration. Bearing in mind that no consensus definition exist for INR, our choice was based on some considerations: short-term response to HAART has been previously demonstrated to be a solid prognostic indicator for HIV-infected patients initiating HAART and the threshold of 200 CD4+/mm 3 is widely accepted to define HIV-related immunedepression. [40] In addition, the evaluation of a CD4+ count at a definite time-point, rather than the comparison of current CD4+ T-cell count with pre-HAART levels, is a simple way to assess immune response in those initiating HAART and can be easily transferred to clinical practice. Third, not all contributing centres linked their data with AIDS and cancer registries and with local hospital records. In addition, information on nADE before inclusion in the MASTER cohort could be incomplete. Therefore, we can not exclude that, in some cases, outcomes could have been underestimated. Conversely, due to the non-spontaneous nature of follow-up visits, it is unlikely that event reporting was more frequent among patients with more compromised conditions, such as AIDS-presenters or INR (detection bias). Eventually, we were not able to adjust for some unmeasured confounders (e.g., smoking or other comorbidities, such as diabetes or dyslipidemia) that may predispose to severe nADE.
In conclusion, our results indicate that increasing CD4+ T-cells >200/μl decreases the risk of severe nADE. Even among those with severe immune-suppression, non-AIDS events risk is greater than risk of AIDS, once patients are started on effective HAART. Interestingly, occurrence of AIDS is intertwined (and possibly predict) the risk of severe nADE events.
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